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MEASUREMENTS OF THE MINIMUM AUDIBLE IN-
TENSITY OF SOUND FOR TONES OF 
HIGH FREQUENCY 
. C. E. LANE 
Many investigators have worked on the problem of determining 
the minimum amount of sound energy necessary for audible per-
ception, but most of the investigations have been concerned with 
sounds of ordinary frequency and very little attempt has been 
made to make such a determination in absolute units near the up-
per limit of the range of audition. The mechanical difficulty of 
securing tones of sufficient intensity at these high frequencies is 
great, and, furthermore, i~ is not so easy to ascertain the amount 
of sound energy given out from the sounding apparatus at these 
values of frequency as at lower values. 
In this investigation the Hewlett tone generator was used as a 
source of sound and the amount of sound energy given off was 
computed from the amplitude of vibration of the diaphragm of 
the instrument. (See preceding article.) 
From the equations for sound waves derived in terms of dis-
placement, it follows that the amplitude of the air wave near the 
diaphragm has the same value as the amplitude of the diaphragm 
and the total amount of sound energy passing out from the instru-
ment is given by 
where S is the area of each side of the diaphragm, d is the density 
of the air, A is the amplitude, f is the frequency, and V is the ve-
locity of sound. 
If the observer is stationed at a given distance from the sound-
ing apparatus and the amplitude is reduced until he is just able to 
hear the tone, one could calculate from the amplitude the total 
amount of energy given off at this intensity, and, if the fractional 
part of this total energy flowing through a square centim~ter at 
the observer is determined, the problem is solved. If the sound 
energy leaving the tone generator ~assed out with equal intensity 
in every direction it would only be necessary, in order to deter-
mine the flux of energy necessary for audition, to divide the total 
energy given off when the tone is just audible by the area of a 
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sphere with a radius equal to the distance from the apparatus to 
the ear of the observer. However, since the sound does not pass 
out with equal intensity in every direction, this would only give 
the mean value of the flux of energy at that distance. In order 
to determine the actual value of E at the position of the observer 
(E being used to denote the number of ergs of sound energy :flow-
ing through a square centimeter per second for audition) one 
must multiply the mean value obtained by this method by some 
number R which gives the ratio of the intensity of the sound at the 
observer to the mean value of the flux taken over the whole sphere. 
Or one would have 
where D is the distance between the observer and the tone gen-
erator. 
The values of R for the frequencies used were found by sta-
tioning the observer at a fixed distance from the tone generator 
and taking observations with different angles between the direc-
tion from him to the source of sound and the normal to the dia-
phragm of the instrument. The amplitude of the instrument was 
varied until the tone was just audible at each of these positions. 
It was assumed that if Ex represented the total amount of sound 
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energy required to be given out from the source for audition with 
the direction of the observer making any angle x with the normal, 
Ex having different values at different angles; or in other words, 
if Ex represented the different intensities at the source required to 
produce equal intensities at a constant distance but with different 
values for x, that the ratio of the intensity of sound passing out in 
different directions as given by x, when the energy leaving the 
source had a constant value Ee were proportional to l/Ex. Figure 
16 gives the intensity flux in different directions from the dia-
phragm as determined by this method. The intensity, in arbitrary 
units, is plotted as the ordinate, and the angle x as the abscissa. 
These results were obtained for a frequency of 12,800. The value 
of D was· 600 cm. From the curve, R, for the direction of the 
observer normal to the diaphragm, was found to be abotit 50, and 
the value for E obtained was .65xlCT-7 ergs. By this method the 
value of E was found for several other frequencies and the re-
sults are given in Table 1. The column headed S in this table 
gives the sensitivity of the ear for the different frequencies where 
S is defined as 1/E. Figure 17 shows graphically the change in sen-
sitivity of the ear with frequency. In order that it all might be 
shown on the same curve log S is plotted instead of S. 
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Frequency 
11,500 
12,800 
13,300 
13,900 
14,500 
15,000 
15,700 
16,200 
16,800 
TABLE I 
E 
(ergs) 
.65 x 10-7 
1.66 x 1()-7 
3.14 x 1()--7 
5.66 x 1()--7 
2.77 x 1 ()--6 
3.60 ·x 1()--6 
5.80 x 1()-6 
2.05 x l()--5 
2.00 x 10-4 
s Log S 
1.54 x 107 7.19 
6.00 x 106 6.78 
3.17 x 106 6.50 
1.77 x 106 6.25 
3.61 x 105 5.56 
2.38 x 105 5.38 
1.72 x 105 5.23 
4.87 x 1()4 4.69 
5.00 x 103 3.70 
These results, while only for one observer, are significant. They 
show that near the upper limit of audition the sensitivity of the 
ear falls off very rapidly for an increase in frequency beyond a 
certain limit. It was not found possible to produce sound of sufficient 
intensity at a frequency of 17,000 for audition for the observer 
from whom these results were obtained. 
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